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(54) Symbol synchronisation in a multicarrier receiver 



(57) High-frequency components are extracted 
from an OFDM signal. A symbol clock signal is gener- 
ated in response to the extracted high-frequency com- 
ponents. Specifically, a sample clock signal is generated 



in response to the OFDM signal. A frequency of the sam- 
ple clock signal is divided to generate the symbol clock 
signal from the sample clock signal. A timing of the fre- 
quency division is controlled in response to the extract- 
ed high-frequency components. 
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D cription 

This invention relates to a method and an apparatus 
for symbol synchronization. This invention particularly 
relates to a method and an apparatus for generating a 
symbol sync signal in an OFDM-signal demodulating 
system. 

Some of systems for transmitting digital information 
signals such as digital video signals in limited frequency 
bands employ orthogonal frequency division multiplex- 
ing (OFDM). Examples of digital information signals 
handled by such OFDM-based transmitting systems are 
multi-value modulation signals or 256-QAM (quadrature 
amplitude modulation) signals. In general, OFDM- 
based transmission is good in suppressing multipath el- 
fects and jamming signal effects. Further, the OFDM- 
based transmission has a good efficiency of frequency 
use. 

Orthogonal frequency division multiplexing (OFDM) 
employs multiple carriers which are orthogonal with re- 
spect to each other. The multiple carriers are modulated 
in accordance with digital information pieces to be trans- 
mitted, respectively. The modulation -resultant multiple 
carriers are combined into an OFDM signal which has 
a form as a random signal. Generally, inverse fast Fou- 
riertransform (IFFT) is used in generating an OFDM sig- 
nal. The "orthogonal" multiple carriers mean that the 
spectrums of carriers neighboring one carrier are null at 
the frequency of the latter carrier. 

Data transmission based on OFDM is executed 
symbol by symbol. Each OFDM transmission symbol in- 
terval is composed of a guard interval and an effective 
symbol interval. The guard interval precedes the effec- 
tive symbol interval. The guard interval is used for re- 
ducing multipath effects. The effective symbol interval 
is used for transmitting information (data). A part of in- 
formation transmitted during the effective symbol inter- 
val is also transmitted during the guard interval. 

A receiver side subjects a received signal to a win- 
dowing process lor every symbol Specifically, the re- 
ceiver side discards a signal transmitted during a guard 
interval, and extracts and uses only a signal transmitted 
during an effective symbol interval. The signal transmit- 
ted during the effective symbol interval is demodulated 
and decoded into original data (original information) by 
data recovering processes including fast Fourier trans- 
form (FFT). 

The receiver side implements symbol synchroniza- 
tion which generates a symbol sync signal equal in tim- 
ing to every effective symbol interval related to a re- 
ceived signal. The windowing process uses the symbol 
sync signal as timing information of every effective sym- 
bol interval thereby extracting a signal portion transmit- 
t d during the effective symbol int rval. The accuracy 
of th timing information, that is, th accuracy of the tim- 
ing of the extraction of a signal portion, affects the ac- 
curacy of the recovered original data. 

In a first known way of providing symbol synchroni- 



zation, a signal to be transmitt d is divided into frames 
each having a predetermined number of 1 -symbol-cor- 
responding signal segments. In every frame, a first 
1 -symbol-corresponding signal segment is set to a null 
5 symbol state, and two subsequent 1 -symbol-corre- 
sponding signal segments are set to form a chirp signal 
(a sine sweep signal). A receiver side detects a null sym- 
bol signal and a chirp signal for every frame, and gen- 
erates a symbol sync signal in response to the detected 

10 null symbol signal and the detected chirp signal. In this 
case, since only one symbol sync information piece is 
available during every time interval corresponding to 
one frame, the symbol sync signal can be updated at a 
frame frequency equal to a relatively low frequency. 

is Therefore, the symbol sync signal generated by the re- 
ceiver side tends to be slow in responding to a change. 

In a second known way of providing symbol syn- 
chronization, symbol sync information is assigned to 
one carrier among multiple carriers. A receiver side re- 

20 covers the symbol sync information, and generates a 
symbol sync signal in response to the recovered symbol 
sync information. In this case, other carriers tend to in- 
terfere with the symbol-sync- information carrier, and 
conditions of the interference generally change in tim 

2S domain. The interference as well as the interference 
condition change reduce the timing accuracy of the sym- 
bol sync signal generated by the receiver side. 

A third known way of providing symbol synchroni- 
zation uses the fact that a part of information transmitted 

30 during an effective symbol interval is also transmitted 
during a guard interval. This tact means that a transmit- 
ted signal has a symbol-based correlation. A receiver 
side detects the symbol-based correlation, and gener- 
ates a symbol sync signal in response to the detected 

35 symbol-based correction. In this case : the timing accu- 
racy of the symbol sync signal generated by the receiver 
side depends on a bit error rate which occurs during sig- 
nal demodulating and decoding processes. 

It is a first object of this invention to provide an im- 

40 proved method for symbol synchronization. 

It is a second object of this invention to provide an 
improved apparatus for symbol synchronization. 

A first aspect of this invention provides an appara- 
tus tor an OFDM signal demodulating system, compris- 

45 ing first means for extracting high-frequency compo- 
nents from an OFDM signal; and second means for gen- 
erating a symbol clock signal in response to the high- 
frequency components extracted by the first means. 
A second aspect of this invention provides an ap- 

50 paratus for an OFDM signal demodulating system, com- 
prising first means for generating a sample clock signal 
in response to an OFDM signal; second means for di- 
viding a frequency of the sample clock signal generated 
byth first means tog n rate a symbol clock signal from 

55 the sample clock signal; third means for extracting high- 
frequ ncy compon nts from the OFDM signal; and 
fourth means for controlling a timing of the dividing by 
the second means in response to the high-frequency 
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components extracted by the third means. 

A third asp ct ol this inv ntion is based on the sec- 
ond aspect thereof, and provides an appalatus wherein 
the fourth means comprises means for converting the 
high-frequency components into a first pulse signal; 
means for removing jitter components from the first 
pulse signal and thereby changing the first putse signal 
into a second pulse signal; and means for controlling the 
timing of the dividing in response to the second pulse 
signal. 

A fourth aspect of this invention is based on the sec- 
ond aspect thereof, and provides an apparatus further 
comprising fifth means for decoding the OFDM signal; 
sixth means for deciding whether or not a result of the 
decoding by the fifth means is normal; and seventh 
means for selectively maintaining and interrupting the 
controlling by the fourth means in response to a result 
of the deciding by the sixth means. 

A fifth aspect of this invention provides a method for 
an OFDM signal demodulating system, comprising the 
steps of extracting high-frequency components from an 
OFDM signal; and generating a symbol clock signal in 
response to the extracted high-frequency components. 

A sixth aspect of this invention provides a method 
for an OFDM signal demodulating system, comprising 
the steps of generating a sample clock signal in re- 
sponse to an OFDM signal; dividing a frequency of the 
sample clock signal to generate a symbol clock signal 
from the sample clock signal; extracting high-frequency 
components from the OFDM signal; and controlling a 
timing of the frequency dividing in response to the ex- 
tracted high-frequency components. 

A seventh aspect of this invention is based on the 
sixth aspect thereof, and provides a method wherein the 
controlling step comprises converting the high-frequen- 
cy components into a first pulse signal; removing jitter 
components from the first pulse signal and thereby 
changing the first pulse signal into a second pulse sig- 
nal; and controlling the timing of the dividing in response 
to the second pulse signal. 

An eighth aspect of this invention is based on the 
sixth aspect thereof, and provides a method further 
comprising the steps of decoding the OFDM signal; de- 
ciding whether or not a result of the decoding is normal; 
and selectively maintaining and interrupting the control- 
ling in response to a result of the deciding. 

Fig. 1 is a diagram showing an example of the fre- 
quency spectrum of an OFDM signal (an orthogonal fre- 
quency division multiplexed signal). 

Fig. 2 is a time-domain diagram of an example of 
an OFDM signal, and carriers in the OFDM signal. 

Fig. 3 is a block diagram of a transmitter for an 
OFDM signal according to a first embodiment of this in- 
vention. 

Fig. 4 is a block diagram of a r ceiver for an OFDM 
signal according to the first embodiment of this inven- 
tion. 

Fig. 5 is a time-domain diagram of an example of 



carri rs in an OFDM signal. 

Fig. 6 is a block diagram of a symbol clock signal 
generating circuit in Fig. 4. 

Fig. 7 is a block diagram of a receiver for an OFDM 
5 signal according to a second embodiment of this inven- 
tion. 

■Fig. 8 is a block diagram of a symbol clock signal 
generating circuit in Fig. 7. 

There now follows a description of the preferred em- 
io bodiments. 

First Embodime nt 

Data transmission based on OFDM (orthogonal f re- 

1 $ quency division multiplexing) is executed symbol by 
symbol. €ach OFDM transmission symbol interval is 
composed of a guard interval and an effective symbol 
interval. The guard interval precedes the effective sym- 
bol interval. An OFDM signal (an orthogonal frequency 

20 division multiplexed signal) is divided into successive 
frames each having a given number of 1 -symbol-corre- 
sponding signal segments. For example, each frame 
has 128 1 -symbol-corresponding signal segments. 
Fig.' 1 shows an example of the frequency spectrum 

2S of an OFDM signal (an orthogonal frequency division 
multiplexed signal). Multiple carriers are subjected to 
quadrature amplitude modulation (QAM) responsive to 
digital information pieces to be transmitted, respectively. 
The modulation -resultant multiple carriers are com- 

30 bined into anOFDM signal which has a form as a ran- 
dom signal. With reference to Fig. 1 , the frequency po- 
sition of each spectrum peak corresponding to one car- 
rier is coincident with the frequency positions of spec- 
trum nulls corresponding to other carriers. This means 

35 that the multiple carriers are orthogonal with respect to 
each other. 

With reference to Fig. 2, the lowest frequency 
among the frequencies of multiple carriers for an OFDM 
signal is defined as a fundamental frequency fL An ef- 

40 fective symbol interval "ts D is set equal to one period of 
the fundamental-frequency carrier The frequencies "fn" 
of the other carriers are equal to integral multiples of the 
fundamentallrequencyfl. Thus, fn= n«f1, where "n" de- 
notes natural numbers. 

45 As shown in Fig. 2, each transmission 1 -symbol in- 
terval "ta" related to an OFDM signal is composed of a 
guard interval "tg", and an effective symbol interval "ts" 
following the guard interval "tg". Information to be trans- 
mitted is placed in effective symbol intervals. A signal 

so transmitted during each guard interval is a copy of a por- 
tion of a signal transmitted during an effective symbol 
interval immediately following the guard interval. 

A baseband OFDM signal is generated by execut- 
ing rFFT (inverse fast Fourier transform) using N com- 

55 p| x numb rs during ev ry 1 -symbol int rval, where N 
denotes a pr determined integer-called an rFFT size. 

An xampfe of basic specifications of a signal trans- 
mission system is as follows. The central carrier fre- 
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quency in an RF band is equal to 100 MHz. The.c ntral 
carrier frequency in an IF band is equal to 10.7 MHz. 
The transmission band width is equal to 100 KHz. The 
modulation is of the 256-QAM OFDM type. The number 
of used carriers is equal to 257. A predetermined 
number of carriers among the 257 carriers are used for 
transmitting main data (main information). The prede- 
termined number is equal to, for example, 248. The IFFT 
size corresponds to 51 2. The 1 -symbol interval is equal 
to about 2.6 ms. 

With reference to Fig. 3, a transmitter for an OFDM 
signal includes a serial-to-paratlel (S/P) converter 7 fol- 
lowing a transmitter input terminal 7 A. An input digital 
information signal in the form of a bit stream is fed via 
the transmitter input terminal 7A to the S/P converter 7. 
The input digital information signal represents main in- 
formation to be transmitted. The input digital information 
signal results from, for example, compressing an audio 
information signal, a video information signal, or a video/ 
audio information signal according to an MPEG encod- 
ing process. 

The S/P converter 7 subjects the .input digital infor- 
mation signal to serial-to-paraltel (S/P) conversion in re- 
sponse to a clock signal fed from a frequency dividing 
circuit 14. During the S/P conversion, the input digital 
information signal is divided into blocks corresponding 
to "modulating signals for 256 QAM, The S/P converter 

7 outputs the modulating signals to an ECC circuit 8. 
The ECC circuit 8 adds signals of an error correction 
code (ECC) to the modulating signals in response to the 
clock signal fed from the frequency dividing circuit 14. 
The signals of the error correction code are referred to 
as the ECC signals. The ECC circuit 8 outputs ECC- 
added modulating signals. 

According to 256 QAM, 16 different levels are de- 
fined in an amplitude direction while 16 different levels 
are defined in an angle direction. In addition, 256 differ- 
ent digital states are assigned to the 256 levels (16 lev- 
els multiplied by 16 levels) respectively. Here, 256 dif- 
ferent digital states correspond to 8 bits, that is, one 
byte. 

As previously indicated, 248 carriers among 257 
carriers are used for transmitting main data (main infor- 
mation). The 9 remaining carriers are used for transmit- 
ting reference signals (helper information). The refer- 
ence signals include calibration signals representing 
reference data which can be used by a receiver for am- 
plitude correction and phase correction. The reference 
signals also include a pilot signal and a symbol order 
number signal. 

The ECC circuit 8 outputs 248-byte digital data for 
every 1 -symbol interval. In more detail, the ECC circuit 

8 outputs a first set of 248 parallel digital signals each 
having 4 bits, and a s cond s t of 248 parallel digital 
signals ach having 4 bits for very 1 -symbol int rval. 
The first set and the second set corr spond to a real part 
and an imaginary part (an in-phas signal and a quad- 
rature signal, that is, an I signal and a Q signal) respec- 



tiv ly. 

The 248 output signals from the ECC circuit 8 in 
each of the real part and the imaginary part are fed to 
an IFFT (inverse fast Fourier transform) circuit 9. The 
5 IFFT circuit 9 operates in response to a clock signal fed 
from the frequency dividing circuit 14. The IFFT circuit 
9 is of the type capable of processing N parallel signals, 
where N denotes a natural number equal to 512 which 
is called an IFFT size. A main portion of the IFFT circuit 
10 9 has a set of 51 2 input terminals for the real part and 
also a set of 512 input terminals for the imaginary part. 
The 248 output signals from the ECC circuit 8 in the real 
part are applied to 248 IFFT-circuit input terminals 
among the 512 input terminals for the real part, respec- 
ts tively. The 248 output signals from the ECC circuit 8 in 
the imaginary part are applied to 248 IFFT-circuit input 
terminals among the 512 input terminals for the imagi- 
nary part, respectively. Regarding each of the real part 
and the imaginary part, a major portion of the operation 
of the IFFT circuit 9 corresponds to subjecting 248 car- 
riers to 256 QAM responsive to the 248 output signals 
from the ECC circuit 8 respectively. Regarding the 248 
output signals from the ECC circuit 8, the IFFT circuit 9 
generates the 248 modulation-resultant signals in each 
of the real part and the imaginary part. The IFFT circuit 
9 combines the 248 modulation-resultant signals and 
other modulation -resultant signals of the real part into a 
multiplexing-resultant signal corresponding to the real 
part. The IFFT circuit 9 outputs the multiplexing-result- 
ant signal corresponding to the real part. Also, the IFFT 
circuit 9 combines the 248 modulation-resultant signals 
and other modulation-resultant signals of the imaginary 
part into a multiplexing-resultant signal corresponding 
to the imaginary part. The I FFT circuit 9 outputs the mul- 
tiplexing-resultant signal corresponding to the imagi- 
nary part. 

The 512 input terminals of the main portion of the 
IFFT circuit 9 for each of the real part and the imaginary 
part correspond to 512 different carriers respectively. 
Real-part information pieces applied to the input termi- 
nals of the main portion of the IFFT circuit 9 for the real 
part and imaginary-part information pieces applied to 
the input terminals of the main portion of the IFFT circuit 
9 for the imaginary part are carried by the corresponding 
carriers respectively. 

Given signals are fed to a pair of a real-part input 
terminal and an imaginary-part input terminal of the 
main portion of the IFFT circuit 9 which correspond to a 
first specified carrier having a predetermined frequency 
relation with a sample frequency of the input digital in- 
formation signal. The given signals are designed to gen- 
erate a pilot signal which will be carried by the first spec- 
ified carrier. The pilot signal contains information for pro- 
viding sample synchronization, that is, information for 
reproducing a sample clock signal. 

Signals representing a variable symbol order 
number (a updatable symbol order number) are fed to 
a pair of a real-part input terminal and an imaginary-part 
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input terminal of the main portion of the IFFT circuit 9 
which correspond to a second specifi d carrier. The 
symbol order number is incremented by "1" for every 
symbol. The symbol order number is cyclically varied 
between "1 n and "1 28° in the case where 1 28 successive 
symbols compose one frame. Information of the symbol 
order number will be carried by the second specified car- 
rier. 

The output signals of the IFFT circuit 9 are fed to a 
guard interval setting circuit 10. The guard interval set- 
ting circuit 1 0 provides a guard interval of a given length 
for every symbol of the output signals of the IFFT circuit 
9. The guard intervals are designed to reduce multipath 
distortions caused by a transmission line. The guard in- 
terval setting circuit 10 operates in response to a clock 
signal fed from the frequency dividing circuit 14. 

Output signals of the guard interval setting circuit 
10 are fed to a D/A converter 11, being converted into 
corresponding analog signals thereby. The D/A convert- 
er 1 1 operates in response to a clock signal fed from the 
frequency dividing circuit 14. The D/A converter 11 out- 
puts the resultant analog signals to an LPF (a low pass 
filter) 11 A. Only components of the output signals of the 
D/A converter 11 in a desired frequency band are 
passed through the LPF 11 A. 

Output signals of the LPF 11 A which correspond to 
the real part and the imaginary part are fed to a quad- 
rature modulator 12 as baseband signals. A local oscil- 
lator 13 outputs a given -frequency signal (a 107-MHz 
signal) to the quadrature modulator 12. The frequency 
of the output signal of the local oscillator 13 is equal to 
a given intermediate frequency (IF), that is, 10.7 MHz. 
The local oscillator 1 3 also outputs the given -frequency 
signal to a 90° phase shifter 13A. The device 13A shifts 
the phase of the given-frequency signal by 90°, and out- 
puts the phase-shift-resultant signal to the quadrature 
modulator 1 2. In this way, a pair of given-frequency sig- 
nals having a quadrature relation are fed to the quadra- 
ture modulator 12. In the quadrature modulator 12, the 
quadrature given-frequency signals are modulated in 
accordance with the baseband signals outputted from 
the LPF 1 1 A so that the baseband signals are converted 
into an IF OFDM (intermediate frequency OFDM) signal. 
The IF OFDM signal has multiple IF orthogonal carriers 
which are modulated as indications of the output base- 
band signals of the LPF 11 A. 

The IF OFDM signal is outputted from the quadra- 
ture modulator 12 to a frequency converter 16. The IF. 
OFDM signal is changed by the frequency converter 16 
into an RF OFDM (radio frequency OFDM) signal in a 
desired frequency band for transmission. The central 
frequency of the RF OFDM signal is equal to 100 MHz. 
The RF OFDM signal has multiple RF orthogonal carri- 
ers which are modulated as indications of the output 
baseband signals of th LPF 11 A respectively. Th fre- 
quency convert r 16 includes a local oscillator and a 
mixer. In th frequency converter 16, the IF OFDM sig- 
nal and the output signal of the local oscillator are mix d 



8 

by the mixer so that the IF OFDM signal is converted 
into the RF OFDM signal. 

The RF OFDM signal is fed to a transmitting section 
17 from the frequency converter 16. The transmitting 

5 section 1 7 includes a linear power amplifier and a trans- 
mission antenna. The RF OFDM signal is fed via the 
linear power amplifier to the transmission antenna, be- 
ing radiated by the transmission antenna into a spatial 
transmission line (the air). 

io a clock signal generating circuit 15 outputs a basic 
clock signal of a predetermined frequency to the fre- 
quency dividing circuit 1 4. The frequency dividing circuit 
14 generates the clock signals for the S/P converter 7, 
the ECC circuit 8, the IFFT circuit 9, the guard interval 

is setting circuit 10, and the D/A converter 11 in response 
to the basic clock signal. 

It is preferable that the clock signal generating cir- 
cuit 15 produces the basic clock signal in response to 
the output signal of the local oscillator 1 3. 

20 Fig. 4 shows a receiver for an OFDM signal. The 
receiver of Fig. 4 is able to accept an RF OFDM signal 
emitted from the transmitter of Fig. 3. The receiver of 
Fig. 4 includes a receiving section 18 having a reception 
antenna which catches an RF OFDM signal sent from, 

2S for example, the transmitter of Fig. 3 via the spatial 
transmission line (the air). The central frequency of the 
RF OFDM signal is equal to 100 MHz. The RF OFDM 
signal has multiple RF orthogonal carriers which are 
modulated in accordance with transmitted baseband 

30 signals respectively. The receiving section 18 includes 
an RF amplifier which enlarges the caught RF OFDM 
signal. 

An output RF OFDM signal from the RF amplifier in 
the receiving section 18 is fed to a frequency converter 

35 1 9, being converted into a corresponding IF OFDM -sig- 
nal thereby. The central frequency of the IF OFDM sig- 
nal is equal to 10.7 MHz. The IF OFDM signal has mul- 
tiple IF orthogonal carriers which are modulated in ac- 
cordance with transmitted baseband signals respective- 

40 |y. The frequency converter 1 9 includes a local oscillator 
and a mixer. In the frequency converter 19, the RF 
OFDM signal and the output signal of the local oscillator 
are mixed by the mixer so that the RFOFDM signal is 
converted into the IF OFDM signal. 

45 The IF OFDM signal is fed from the frequency con- 
verter 19 to an IF amplifier 20, being enlarged to a de- 
sired level thereby. The output IF OFDM -signal from the 
IF amplifier 20 is fed to a quadrature demodulator 21 
and a carrier detecting circuit 22. 

50 The carrier detecting circuit 22 includes a PLL 
(phase locked loop) circuit having a combination of a 
phase comparator (a multiplier), an LPF, a VCO (volt- 
age-controlled oscillator), and a 1/4 frequency divider. 
The PLL circuit recovers the carriers in the IF OFDM 

55 signal. An output signal of th cam r detecting circuit 
22, which corr spondstoth recov redcarri rs, is fed 
to a local oscillator 23. The local oscillator23 is -designed 
to extract the centra Mr quency carrier among thecar- 
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riers in the IF OFDM signal with a negligible phase error. 
The local oscillator 23 outputs a signal corresponding to 
the extracted central-frequency carrier. Thus, the local 
oscillator 23 reproduces a local oscillator signal used in 
a transmitter. 

The IF OFDM signal (or the RF OFDM signal) is 
based on the carriers with frequencies which are spaced 
at equal intervals. The frequencies of the carriers neigh- 
boring the central carrier are spaced from the frequency 
of the central carrier by only a small frequency interval. 
Accordingly, it is preferable that the extraction of the 
central carrier is implemented by a high-selectivity cir- 
cuit. 

The local oscillator 23 uses a high-selectivity circuit. 
Specifically, the local oscillator 23 includes a PLL circuit 
lor extracting the central carrier from the carriers output- 
ted by the carrier detecting circuit 22. A voltage-control- 
led oscillator (VCO) in the PLL circuit in the local oscil- 
lator 23 uses a voltage-controlled crystal oscillator 
(VCXO) which can oscillate at a frequency variable in a 
given small range (for example, ±200 Hz) around the 
frequency of the central carrier. In addition, an LPF in 
the PLL circuit has a cutoff frequency adequately low 
with respect to the frequency intervals between the car- 
riers. 

The output signal of the local oscillator 23 is fed to 
the quadrature demodulator 21 . The output signal of the 
local oscillator 23 is also fed to a 90° phase shifter 23A. 
The device 23A shifts the phase of the output signal of 
the local oscillator 23 by 90°. The phase-shift-resultant 
signal isoutputted from the device 23A to the quadrature 
demodulator 21. In this way, a pair of reproduced local 
oscillator signals having a quadrature relation are fed to 
the quadrature demodulator 21. In response to the 
quadrature signals, the IF OFDM signal is demodulated 
by the quadrature demodulator 21 into baseband sig- 
nals corresponding to a real part and an imaginary part 
(an in-phase signal and a quadrature signal, that is, an 
I signal and a Q signal) respectively. 

Output signals from the quadrature demodulator 21 
are fed to an LPF 24A. Only components of the output 
signals of the quadrature demodulator 21 , which occupy 
a desired frequency band, are passed through the LPF 
24A. Output signals of the LPF 24A which have analog 
lorms are fed to an A/D converter 24. The output signals 
of the LPF 24A are subjected to sampling processes by 
the A/D converter 24, and are converted by the A/D con- 
verter 24 into corresponding digital signals. The A/D 
converter 24 operates in response to a sample clock sig- 
nal (a sample sync signal) fed from a sample clock sig- 
nal generating circuit 29. 

One of the output signals of the quadrature demod- 
ulator 21 is fed to the sample clock signal generating 
circuit 29. The output signal of the local oscillator 23 is 
fed to the sampl clock signal generating circuit 29. The 
sample clock signal g n rating circuit 29 includes a PLL 
circuit for generating a signal phase-locked with respect 
to a pilot signal in the output signal of the quadrature 



demodulator 21 . It should be noted that the pilot signal 
is carried by the first specified carrier as a continuous 
signal during every 1 -symbol interval containing a guard 
interval. The sample clock signal generating circuit 29 

5 derives pilot signal frequency information, and repro- 
duces the pilot signal. 

In a transmitter, the frequency of the pibt signal is 
set to correspond to a given ratio between integers with 
respect to the frequency of the sample clock signal. The 

to sample clock signal generating circuit 29 includes a fre- 
quency multiplier operating on the reproduced pilot sig- 
nal at a multiplying factor corresponding to the above- 
indicated frequency ratio. The sample clock signal gen- 
erating circuit 29 recovers the sample clock signal (the 

is sample sync signal) through the frequency multiplica- 
tion. 

The output signals of the A/D converter 24 are ted 
to a guard interval processing circuit 25. The guard in- 
terval processing circuit 25 extracts time-portions of the 
20 output signals of the A/D converter 24 which occupy 
every effective symbol interval. The guard interval 
processing circuit 25 operates in response to a clock sig- 
nal fed from a clock signal generating circuit 31 . Output 
signals of the guard interval processing circuit 25 are 
25 fed to an FFT QAM (fast Fourier transform, quadrature 
amplitude modulation) decoding circuit 26. 

The FFT QAM decoding circuit 26 subjects the out- 
put signals of the guard interval processing circuit 25 to 
processing which corresponds to complex fast Fourier 
30 transform. The FFT QAM decoding circuit 26 operates 
in response to a clock signal fed from the clock signal 
generating circuit 31 . According to the complex fast Fou- 
rier transform processing, the FFT QAM decoding circuit 
26 derives the levels of baseband carriers in the real- 
ms part signal and the imaginary-part signal outputted from 
the guard interval processing circuit 25. In the FFT QAM 
decoding circuit 26, the derived real-part levels and the 
derived imaginary-part levels are compared with refer- 
ence demodulation output levels so that the states of 
40 transmitted digital signals are determined. In this way, 
the transmitted digital information is recovered. 

Output signals of the FFT QAM decoding circuit 26 
which correspond to the recovered digital signals are fed 
to an ECC circuit 27. The ECC circuit 27 corrects errors 
45 jn the output signals of the FFT QAM decoding circuit 

26 in response to the ECC signals contained therein. 
The ECC circuit 27 is followed by a parallel-to-serial (P/ 
S) converter 28. The output signals of the ECC circuit 

27 (that is, the error-correction-resultant signals) are 
so subjected by the P/S converter 28 to parallel-to-serial 

(P/S) conversion, being thereby rearranged and com- 
bined into a serial-form digital signal. The P/S converter 

28 operates in response to a clock signal fed from the 
clock signal gen rating circuit 31 . Th serial-form digital 

55 signal is transmitted from the P/S converter 28 to an ex- 
ternal devic (not shown) via a receiver output terminal 
28A. 

One of the output signals of the quadrature demod- 
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ulator 21 is fed to a symbol clock signal generating cir- 
cuit 30. The sample clock signal is ted from the sample 
clock signal generating circuit 29 to the symbol clock sig- 
nal generating circuit 30. The symbol clock signal gen- 
erating circuit 30 detects the boundaries between guard 
intervals and effective symbol intervals in response to 
the output signal of the quadrature demodulator 21 . The 
symbol clock signal generating circuit 30 divides the fre- 
quency of the sample clock signal in response to infor- 
mation of the detected boundaries between guard inter- 
vals and effective symbol intervals, thereby generating 
or reproducing a symbol clock signal (a symbol sync sig- 
nal). 

The clock signal generating circuit 31 receives the 
sample clock signal from the sample clock signal gen- 
erating circuit 29. JThe clock signal generating circuit 31 
receives the symbol clock signal from the symbol clock 
signal generating circuit 30. The clock signal generating 
circuit 31 produces clock signals in response to the out- 
put signals of the sample clock signal generating circuit 
29 and the symbol clock signal generating circuit 30. 
The clock signal generating circuit 31 feeds the pro- 
duced clock signals to the guard interval processing cir- 
cuit 25, the FFT QAM decoding circuit 26, the ECC cir- 
cuit 27, and the P/S converter 28 as operation timing 
control signals. 

As previously explained, a signal transmitted during 
each guard interval is a copy of a portion of a signal 
transmitted during an effective symbol interval immedi- 
ately following the guard interval. Therefore, as shown 
in Fig. 5, the waveforms ol most of the carriers are dis- 
continuous at the boundaries between guard intervals 
and effective symbol intervals, that is, at the starting 
points of effective symbol intervals. The discontinuous 
waveforms are rich in high-frequency components. The 
symbol clock signal generating circuit 30 senses high- 
frequency components of the output signal of the quad- 
rature demodulator 21 . The symbol clock signal gener- 
ating circuit 30 detects the starting points of effective 
symbol intervals in response to the sensed high-fre- 
quency signal components. The symbol clock signal 
generating circuit 30 converts the sample clock signal 
into the reproduced symbol clock signal in response to 
the detected starting points of effective symbol intervals. 
The reproduced symbol clock signal is locked in phase 
with effective symbol intervals. The reproduced symbol 
clock signal accurately represents the starting points of 
effective symbol intervals. 

As shown in Fig. 6, the symbol clock signal gener- 
ating circuit 30 includes a buffer 1, a high pass filter 
(HPF) 2, a peak detector 3, a comparator 4, a phase 
locked loop (PLL) 5, and a frequency divider 6. The buff- 
er 1 is successively followed by the HPF 2, the peak 
detector 3, the comparator 4, and the PLL 5. The PLL 5 
is connected to the frequ ncy divider 6. 

Th output signal of the quadrature d modulator 21 
is fed via the buffer 1 to the HPF 2. High-frequency com- 
ponents of the output signal of the quadrature demodu- 



lator 21 pass through the HPF 2 while low-fr qu ncy 
components th reof are blocked by the HPF 2. The out- 
put signal of the HPF 2 is fed to the peak detector 3. 
Every peak of the output signal of the HPF 2 is detected 

s by the peak detector 3. The output signal of the peak 
detector 3 represents the level of every peak of the out- 
put signal of the HPF 2. The waveform of the output sig- 
nal of the peak detector 3 is similar to the positive-side 
envelope of the output signal of the HPF 2. Accordingly, 

*0 the peak detector 3 may be replaced by a positive-side 
envelope detector. The output signal of the peak detec- 
tor 3 is compared by the comparator 4 with a predeter- 
mined reference voltage, being converted into a pulse 
signal (a binary signal) representing the starting points 

ts of effective symbol intervals. The pulse signal is fed from 
the comparator 4 to the PLL 5. The PLL 5 removes jitter 
components from the pulse signal. The PLL 5 outputs 
the resultant jitter-free pulse signal to the frequency di- 
viders. The jitter-free pulse signal accurately represents 

20 the starting points of effective symbol intervals. A loop 
filter in the PLL 5 has a cutoff frequency chosen to match 
with a recovery time related to the symbol clock signal. 
The frequency divider 6 receives the sample clock sig- 
nal from the sample clock signal generating circuit -29, 

2S and divides the frequency of the sample clock signal by 
a factor equal to, for example, 512. Thereby, the fr - 
quency divider 6 generates the symbol clock signal from 
the sample clock signal. The frequency divider 6 starts 
every cycle of the frequency dividing process at a timing 

30 provided by the output signal of the PLL 5. In other 
words, the frequency divider 6 uses the output signal of 
the PLL 5 as a starting signal for every cycle of the fre- 
quency dividing process. The symbol clock signal gen- 
erated by the frequency divider 6 accurately represents 

35 the starting points of effective symbol intervals. The 
symbol clock signal is fed from the frequency divider 6 
to the clock signal generating circuit 31 . 



40 



Second Embodiment 



Fig. 7 shows a portion of a second embodiment of 
this invention which is similar to the embodiment of Figs. 
1-6 except for design changes explained hereinafter. 
The embodiment of Fig. 7 includes an FFT QAM decod- 
es ing circuit 26 A and a symbol clock signal generating cir- 
cuit 30A instead of the FFT QAM decoding circuit 26 
and the symbol clock signal generating circuit 30 in Fig. 

4. 

The FFT QAM decoding circuit 26A includes a dig- 
so jtal signal processor (DSP) having a combination of an 
input/output port, a processing section, a ROM, and a 
RAM. The FFTOAM decoding circuit -26A operates in 
accordance with a program stored in the ROM. 

The FFTOAM decoding circuit 26A is programmed 
55 to implement th following processes. Th "FFT QAM 
decoding circuit 26 A generates a symbol numb r deci- 
sion signal of the binary type. Th FFTOAM -decoding 
circuit 26 A sets an initial state of the symbol number de- 
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cision signal to "0 s . The FFT QAM decoding circuit 26A 
periodically subjects the output signals of the guard in- 
terval processing circuit 25 to the FFT-based decoding 
process in response to the clock signal fed from the 
clock signal generating circuit 31 . The FFT QAM decod- 
ing circuit 26A extracts information of the symbol order 
number from the results of the decoding process. The 
information of the symbol order number has been trans- 
ported to the receiver by the second specified carrier. 
The FFT QAM decoding circuit 26A periodically decides 
whether or not the symbol order number is normally up- 
dated as "1, 2, 3, 4, This decision corresponds to a 
decision as to whether or not the results of the decoding 
process are normal. When it is decided that the symbol 
order number is normally updated, the FFT QAM decod- 
ing circuit 26 A changes the symbol number decision sig- 
nal to "i " or holds the symbol number decision signal at 
"1 When it is decided that the symbol order number is 
not normally updated, the FFT QAM decoding circuit 
26A holds the symbol number decision signal at "0" or 
resets the symbol number decision signal to "0". The 
FFT QAM decoding circuit 26A outputs the symbol 
number decision signal to the symbol clock signal gen- 
erating circuit 30 A. 

As shown in Fig. 8, the symbol clock signal gener- 
ating circuit 30A includes a frequency divider 6 A instead 
of the frequency divider 6 in Fig. 6. The frequency divider 
6A receives the symbol number decision signal from the 
FFT QAM decoding circuit 26A. When the symbol 
number decision signal changes from "O" to B 1 that is, 
when the symbol order number commences to be nor- 
mally updated, the frequency divider 6A executes the 
start timing control of the frequency dividing process 
which responds to the output signal of the PLL 5. When 
the symbol number decision signal changes from "1 " to 
"O", that is, when the symbol order number commences 
to be abnormally updated, the frequency divider 6A in- 
terrupts the start timing control of the frequency dividing 
process which responds to the output signal of the PLL 
5. In this case, until the symbol number decision signal 
returns to "1 *\ the frequency divider 6A remains starting 
every cycle of the frequency dividing process at a timing 
provided by the output signal of the PLL 5 which occurs 
immediately before the moment of the change of the 
symbol number decision signal to "0". 

Claims 

1. An apparatus for an OFDM signal demodulating 
system, comprising: 

first means for extracting high-frequency com- 
pon nts from an OFDM signal; and 
s cond m ans for gen rating a symbol clock 
signal in r sponse to th high-frequency com- 
ponents extracted by the first m ans. 



2. An apparatus for an OFDM signal demodulating 
system, comprising: 

first means for generating a sample clock signal 
5 in response to an OFDM signal; 

second means for dividing a frequency of the 
sample clock signal generated by the first 
means to generate a symbol clock signal from 
the sample clock signal; 
10 third means for extracting high-frequency com- 

ponents from the OFDM signal; and 
fourth means for controlling a timing of the di- 
viding by the second means in response to the 
high-frequency components extracted by the 
third means. 

3. An apparatus as recited in claim 2, wherein the 
fourth means comprises: 

20 means for converting the high-frequency com- 

ponents into a first pulse signal; 
means for removing jitter components Irom the 
first pulse signal and thereby changing the first 
pulse signal into a second pulse signal; and 
25 means for controlling the timing of the dividing 

in response to the second pulse signal. 

4. An apparatus as recited in claim 2, further compris- 
ing: 

30 

fifth means for decoding the OFDM signal; 
sixth means for deciding whether or not a result 
of the decoding by the fifth means is normal; 
and 

3£ seventh means for selectively maintaining and 

interrupting the controlling by the fourth means 
in response to a result of the deciding by the 
sixth means. 

40 5. A method for an OFDM signal demodulating sys- 
tem, comprising the steps of: 

extracting high-frequency components from an 
OFDM signal; and 
45 generating a symbol clock signal in response 

to the extracted high-frequency components. 

6. A method for an OFDM signal demodulating sys- 
tem, comprising the steps of: 



generating a sample clock signal in response 
to an OFDM signal; 

dividing a frequency of the sample clock signal 
to generate a symbol clock signal from the sam- 
ple clock signal; 

extracting high-fr qu ncy components from 
the OFDM signal; and 

controlling a timing of the frequency dividing in 
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r sponse to the extracted high-frequency com- 
ponents. 



7. A method as recited in claim 6, wherein the control- 



converting the high-frequency components into 
a first pulse signal; 

removing jitter components from the first pulse 
signal and thereby changing the first pulse sig- 10 
nal into a second pulse signal; and 
controlling the timing of the dividing in response 
to the second pulse signal. 

8. A method as recited in claim 6, further comprising *5 
the steps of: 

decoding the OFDM signal: 
deciding whether or not a result of the decoding 
is normal; and 20 
selectively maintaining and interrupting the 
controlling in response to a result of the decid- 
ing. 



ling step comprises: 
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